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(54) 2-(2-Alkoxy-5-heterocyclylsulphonylphenyl)purin-6-ones as phosphodiesterase inhibitors 

(57) Tliere is provided compounds of fornfiula lA and of formula IB, • 





^ wherein R\ R^, R^, Het^ and X have meanings given in the description, which are useful in the curative and prophylac- 
<^ tic treatment of medical conditions for which inhibition of a cyclic guanosine 3',5'-monophosphate phosphodiesterase 
^ (e.g. cGMP PDE5) is desired. 
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Field of the Invention 



Prior An 



10002] Certain purinone derivatives lor use in inhibition otcGMPPnc=L=V . ^ - . 

tlons EP 722943. EP 722944 EP 293063 and EP ^^^sn f^^.^^^^ disclosed ,n European patent applica- 

94/00453, G'err.an patent appHcatton DE ^9702785 and ',1"'''°"'' ^° ''"'^'^ 

675124 discloses purine derlSJ^rr'selfaSamli;^^ 

Disclosure of the Invention 



[0003] According to a first aspect of the invention there 



is provided compounds of formulae lA and IB, 





wherein 

X represents CH or N; 

represents H. -CN, -C(0)N(R'')r5 .C(0)R'', .C(0)0R^ -N(R^)r6 or7 , 

group Is optionally interrupted by one or rnore o -O -S or' ^,S>{. h/ '.^ ' °' '"""^^ ^"'y' ^''^'"'^ 

more substituents selected from hail cTZn 7 ?, ^ ^ ^' substituted and/or terminated by one or 

■S(0)„R^ -SiO^^^"'ZTHe^y- -C(0)R^ -C(0)OR^ -N(R^)R^. -OR^ 

^^o^^tTu,^^^^^^^ --^^ -e-^ serein, lower alKyl. which alkyl group 

" more sM.enB seKclM frZ OH^L h.^, ° '^""^ »"6a««,d .n*., ,e™i„aM by «,e 
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substituted by one or more substituents selected from aryl and halo); 

Het^ represents an optionally substituted tour- to twelve-membered heterocyclic group, which group contains at 
least one nitrogen atom (vi^ which atom the Het^ group is attached to the rest of the molecule) and, optionally, one 
or more further heterojatoms selected from nitrogen, oxygen and/or sulfur; 
5 Het^ to Het^ independently represent optionally substituted four- to twelve-membered heterocyclic groups, which 

groups contain one or more heteroatoms selected from nitrogen, oxygen and/or sulfur; 

each aryl group is optionally substituted with one or more substituents selected from halo, lower alkyi (which latter 

group is optionally substituted by one or more substituents selected from -CN. -NOj, -OR^^, -C(0)R®^ - C(0)OR^*^. 

-C(0)N(R^^)R^^ ■-S(0)2N(R^^)R^9 .S(0)nR^^^ -OC(0)R^^and -N(R^^)R^*), -CN. -NO^, -0R^^ -C(0)R^^. - 
w C(0)OR®^ - C(0)N(RQ^)R^^ -S(0)^R^°^ -S(0)2N(R^')R^9, -OC(0)R^^ and -N{R^^)R^'; Het\ Het^, Het^, Het"^ and 

Het^ are each optionally substituted with one or more substituents selected from lower alkyI (which alkyI group may 

itself be optionally substituted and/or terminated by one or more substituents selected from lower alkyI, aryl, Het^. 

halo. -CN. -NO2, -0R^^ -C(0)R^^, - C(0)OR^^ -C(0)N(R^^)R^^ -S(0)nR^^^ -S(0)2N(R^^)R^9, -OC(0)R^^^ and - 

N(R^^)R^'), aryl, Het^ halo. -CN. -NO2, -0R^^ -C(0)R®^ -C(0)OR^*', - C(0)N(R®^)R®^ .S(0)pR^o^, - 
15 S(0)2N(R®^)R^9. -OC(0)R^*' and •N(R^^)R^'; and 

n represents, at each occurrence when used herein, 0, 1 or 2; 

or a pharmaceutically, or a yeterinarily, acceptable derivative thereof; 

provided that when the compound is a compound of formula |B in which: 

X represents CH; 
20 R^ represents H; 

R^ represents C^.g a'kyi; and 

Het'' represents a 5- or 6-membered saturated heterocyclic ring, which ring is optionally substituted (via a free ring 
N-atom) by C^e Q'kyI (which latter group is optionally substituted by -OH); 
then R^ does not represent: 

25 

(a) C3.-,i alkyI, which C3.11 s"^' Q^oup is substituted by one of the following: 

(i) in the C-1 position. (relative to the.purinone N-atom), by -C(0)P?^ (vyherein R®^ represents H C4.4 
alkyl) or C^.n alkyI; 

30 (ii) in the C-2 position (relative to the purinone N-atpm) by one group selected from -OR^^ (wherein R^^ 

represents H, C^e alkyl or benzyl), -OC(0)R^^ (wherein R®^ represents H, C^.g alkyl or phenyl) and - 
N(R^^)R^' (wherein R^' represents H or C^.g alkyl and R^^ represents H, Ci.g alkyl, -C(0)R^j (in which R^i 
represents H, C^.g alkyl or phenyl) or -S(0)2R^°^ (in which R''^*^ represents C1.4 alkyl or phenyl)) and 
(optionally), at the same C-2 position, by a further 0^4 alkyl group; 

35 

and which C3.11 alkyl group is optionally substituted: 

(I) in the C-2 to C-1 1 positions (relative to the purinone N-atom). by phenyl (optionally substituted by halo, 
-CN, -NOg, C1.6 alkyl or -S(0)2N(R®^)R®9, in which latter group and R®9 independently represent H, 

40 phenyl or lower alkyl); and/or 

(II) in the C-1 position (relative to the purinone N-atom), by C1.3 alkyl; 

(b) C3.9 alkyl substituted in the C-2 to C-9 positions (relative to the purinone N-atom) by -N(R''^)R®' (wherein 
R^"* and R^' each independently represent H or C1.5 alkyl optionally substituted by phenyl, which latter group 

45 . is substituted by -S(0)2N(R^^)R^9 (in which R^^ and R^^ independently represent H, phenyl or lower alkyl)) and 

optionally substituted in the C-1 position (relative to the purinone N-atom) by: 

(•) C1.5 alkyl (which alkyl group is optionally substituted by -OH); and/or 

(ii) C1.3 alkyl; or 

50 

(c) C1.4 alkyl or Cio-ie n-alkyi; 

wherein, in the above proviso, unless otherwise indicated, alkyl, phenyl and benzyl groups are unsubstituted, 
which compounds are referred to together hereinafter as "the compounds of the invention". 

55 

[0004] The term "aryl, when used herein, includes six- to ten-membered carbocyclic aromatic groups, such as phe- 
nyl and naphthyl. Unless otherwise specified, each aryl group identified herein is optionally substituted with one or more 
substituents selected from halo, lower alkyl (which latter group is optionally substituted by one or more substituents 



3 
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selected from -CN, >NO 
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0C(0)R9^ and -N(R")R« (in which n P^Wi,' p^i^°^ ' -QONKRS^jRSe .^(oj^RiOa. . S(0)2N(RS<)r99. . 
group containing one o^n^.tZ^'L subsmuenlT.l ' ^f^T'''"^' ^"^^^"'^'^ a 

groups containing aryl substiuen^s t^^^" ^"ch further aryl substituents may not be substituted by* 

rorrrsS~^^^^^^^ 

ary, and Het^ areU hereiLore de ned). '^^S^^;:'^''^'^'^ "^''^^ f^^'' 
include groups such as optionally <=ubstltuied appfidinv vT ' rw . ' ' • ^^^^ 9™"^^ ""^^ ''^ mentioned 
rolyl, ,e,ra.olyl. oxatrlazolyl tSL'oirPvrLzinvrmorTr T'^^^ '^''^^'^"'y'' ^^'^^'^^o^yi. trla- 

nyl, P,peridi.y,, py..o,y,. fmid^Syr fp^^^^^^^ .pV;;<^V., puinoliny,. iso^ino.i- 

alkyl, Which latter group is optional^ substituted an^^MPrmin J ^ "P'P^^^^'"^' "'^'^rem R^^ represents H or lower 
alkyl, aryl, Het^, halo. CN NO, OR ^ cfZ^^^^^^ ? «"^"ts selected from lower 

Het , He,3 He,^ Het^) group is subst.uted erther directly^ a flher h"^ pr^^^^^^^^^^^^^ f.""^'' ^ <^^' ■ 

Het' group, then such further Het^ groups may not be subsLted eh er ireS bv a 1,^ "1'°"'"""^ ' '"^'"^ 
taming a further Het^ group ^""^"^^'^^'^"V a Het^ group or by a substltuent con- 

[0006] The point of attachment of any Het^ HetS Het'' ariH Hots ^ • 

including (where appropriate) a heteroatom. Het (Het' Het^ Het3 4,' nT^.r: T " ^'^^'^ 

S-oxidised form. , ' • ' ■ ' S'^oiJPS may also be present In the N- or 

riesSf"^^^^^^^ - C., alkyl ,e.g. C,., alKyl). Unless 

urated or unsaturated, be cyclic a^Si^or nlr, r!rll k ^ ^' °' ""^^^ °^ ^.ranched, be sat- 

more halo atoms. ^ ^'"^ cychc/acychc, be interrupted by oxygen, and/or be substituted by one or 

10009] Forthe avoidance, of doubt, each R^ r5 rB RSajoRSm oioa oiob bii ^ 

IE independent of other R" R^ rS R9a ^^ p9m pioa piob r1i LZ 2 ^roup referred to herein • . • 

and R^ both represent alkylsubstltuted by -ORS^ the iwo indlLal OR^UfhT' T'""-'"'- 1^°^ ^^^-^P'^. when R^ 
• and a ^^^^^J^^.^ posslbi,ris n^^exc luded) °' ' 

L°s;ctntre::eXTxrm^^^^^^^ salts of the compounds of the Invention which contain a 

mic, hydroiodic, sulphuric a d J sprricTcid itrca*^^^^^^^^ ''''' hydrochloric, hydrobro- 

the HCI. HBr. HI. sulphate orbfeuXte nS phosohrorh J "^Sano-sulphonic acids. Examples include 

carate, fumarate. maleate. lactate ciSe arlriral^^^^^^^^^^^^ '''''''' ««c- 

zenesulphonate, p-tolue esulph;natT and pamoate 1^^^^^ methanesulphonate. ethanesulphonate. ben- 

pharmaceuticallyorveterinariVaccetab e lta^sar^ ,f ..^"^^ P-vide 

bases. Examples Include the sodium pota^ur^ aIjminiumT«^ ' ^^l^- 

a review on suitable Pharmaceutlcarsrsre B";g?eTa 7'^^^^^^^^ diethanolamine salts. For 

derivatives also include C,.^ alkyl ammonium salts ^' ' ^''^""aceutically acceptable 

[0013] A compound of the oml^Z cllinsT or mor^ T""" °' ^^'^'^^^^^ 
ormorestereoisomericfomis Wh^e a corord o^thp fLT '"'^^^"'^ "^^^^^ therefore exists in two 

trans (2) isomerism may also oc^Tlhe pTese^^^^^^^^^^ T""f I" ''^"y' °' 9-"P- ^'^ (E) and 

the formula (I) and. where appropriate the SaCZel fri th^ stereoisomers of the compounds of 

tion of diastereoisomets or cis and tra^riJ^rr™ bi°T' ^''^ ^"^"^^^ Separa- 

tallisatlon. Chromatography or H PL ^of aTerroiZe^^^^^^^ 

derivative thereof. An individual enantiolr of L °' ' ^T""' °' °^ ^ ^^^^^^^ 

ing optical^ pure intermediate or by resoTt ion sucJ^rb^H pT^^^^^^^^^ ' ^ '''''''' '""^ ^ ^^^P^"^" 
ral support or by fractional civstallisatioroMh. Hifct ^ ^^^^^^'^ 

racemate wHhasUleopticXS: -dir^^^^^^^^^ ^^"^ ''^ the corresponc«ng 

SSIs J" ^"^^f i"c'"ded within the scope of the invention, 

too « f «t the end of this specification. 

SdeCrii^hrpS^^ 

ISO,, provided that, in the case of compounds of fomiula IB (or, in a still further 
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aspect of the invention, in the case of compounds of formulae lA and/or IB), at least one of the following applies: 

(1) represents -CN, -C{0)N(R'')R^. -C(0)R'', -C(0)OR^. -N(R'^)R^, -OR^. aryl, Het^ or lower alky! (which alkyi 
" group is optionally interrupted by one or more of -0-, -S- or -NfR"^)- and/or substituted and/or terminated by one or 

5 more substituents selected from halo, -CN. -NOg, lower alkyI, -C(0)N(R'*!lR^ -ClOR"^, -C(0)OR^, -N(R'^)R^, -OR^, 

-S(0)nR'*or-S(0)nN(R'*)R^arylandHet2); . ' 

(2) R^ represents H, aryl, Het"^, C^.p alky! (which latter group is substituted by one or more substituents selected 
from aryl, -OR®^, -C(0)R^^ -OC(0)R^^ and -N(R^^)R^') or lower alkyI, which latter group is substituted and/or ter- 

■ minated by:' • , 

•70 I ■ . ■ ' * ' '. 

(i) one or more substituents selected from halo, -CNz-NOp, Het^ -QR®^, -C(0)R^*^ (wherein R®^ and R®^ rep- 
resent aryl' or lower alkyI (which alkyI group Is substituted by 6ne or more halo atoms)) -C{0)OR^^, - 
C(0)N(R^^)R^^, -S(0)2R^^^, -S(0)2N(R^^)R^9 and -N(R^^)R^' (wherein R^^ represents aryl or - 
C(0)N(R®*^)RQ"^); and/or 

75 (ii) more than one substituent selected from -OR^^ (wherein R®^ represents aryl or lower alkyI (which alkyI 

group is optionally substituted by one or more substituents selected trom aryl and halo)), -C(0)R^^ -OC(0)R^^ 
and-N(R^^)R^'; 

(3) R*^ represents H or lower alkyI, which alkyI group is substituted and/or terminated by one or more substituents • 
20 selected from aryl. Het^, halo, -CN. -NOg, -OR^^-. -C(0)R®^, -C(0)0RQ^ -C(0)N(RQ^)RQ® -S(0)2R^°^, - 

S(0)2N(RQ>)R^9. -0C(0)R^^ and -N(R1^)R®'; 

(4) Het^ represents: • 

(i) a 4- or 7- to 12-membered optionally substituted heterocyclic group as hereinbefore defined; 
2b (ii) a 5- or 6-membered fully saturated heterocyclic group as hereinbefore defined, which group is not substi- 

tuted by C^.g alkyI optionally substituted by -OH; or 

(ill) a 5- or 6-membered optionally substituted, partly unsaturated or aromatic, heterofcyclic group as hereinbe- 
f pre defined; a nc(/or ^ ' . 

• 30 (6) X represents N, • 

whprein, unless otherwise specified, substituents n, R"*, R^ R^, R'', R^^ to.R^"'. R^^, R^\ Het^, Het"* and Het^ have 
meanings given in the first aspect of the invention provided hereinbefore. * 
[0017] Preferred compounds of the invention include those wherein: 

35 

R^ represents H, -CN, -C{0)N(R^)R^ -C(0)R'*, -C(0)OR^ -N(R'*)R^, -OR^, aryl, Het^ or C^.g a'kyi (which alkyI 
group is optionally substituted or terminated by one or more substituents selected from halo, -CN, -NO2, lower alkyI, 
-C(0)N(R^)R5, -C(0)R^. -C(0)0R^ -N(R4)R®, -OR^, - S(0)nR^, -S(0)nN(R'*)R^ aryl and Het^); 
R^ represents R^, -S(0)2R® or -C(0)R''; 
40 R^ represents R^; 

n represents 0 or 2; 

R^, R^, R^ and R® independently represent lower alkyI, which alkyI group is optionally substituted and/or terminated 

by one or more substituents selected from aryl, Het^ halo, -CN, -NO^, -OR^^ or -N(R^^)R^'; 

R^, R^ and R^ may also independently represent H; 
45 R"*, R^ and R® may also independently represent aryl; 

represents H, aryl, Het^ or lower alkyi, which latter group is optionally substituted and/or terminated by one or 

more substituents selected from halo, -CN, -NOg, aryl, Het^ -OR®^. -C(0)R®^ -C(0)OR®^ -C(0)N(R®*^)R®®, - 

S(0)nR^^. -S(0)2N(R®*)R®9 or -N(R^ 1 

represents, at each occurrence, H, C^e a'kyl or -C(0)R®'; 
so R®^ to R^^ independently represent, at each occurrence, H or 0^.^ alkyI; 

piOa represents C^.g alkyI; 

Het^ represents an optionally substituted (as hereinbefore defined) four- to seven-membered heterocyclic group, 
which group contains at least one nitrogen atom (via which atom the Het"* group is attached to the rest of the mol- 
ecule) and, optionally, one or more further heteroatoms selected from nitrogen and oxygen; 
55 Het^ to Het^ independently represent optionally substituted (as hereinbefore defined) four- to ten-membered hete- 
rocyclic groups, which groups contain between one and four heteroatoms selected from nitrogen, oxygen and/or 
sulfur. 
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[0018] More preferred compounds of the invention include those wherein: 

% rl? " .'"'^^P^"'*^""y ^eP^esent optionally substituted phenyl ■ 

9 '■^P''?.^^"*^. 3' each occurrence.-.H or C, 4 alkyl- 
R^^to R ' Independently represent, at each occurrence. H or C, , alkyi ' 

o,the.olecu.e,L.o;tionatoi:;r^^^^ 

onTan^d'o" :ro:rs'r^^^^^^^^^^ groups, which groups contain between 

by one or more substituents seated Z ,' HeT a^ Cn" NO '^o ^"''ZT^' ^"''^"'"'^^ ' 

substituted by one or more substituents LtZ'rTirl ' ?' k ^ ^' 'oweralkyi (which alkyI group is optionally 

[001 9] Still further preferred compounds of the invention include those Wherein: 

Tu^rerer^rmM^^^^^ 

stents selected from halo. -l^^^S^ 
stleldTmpt;?^^^^^^^ 

"^^^Z^:^^:.^^^^^^^^ -'^^ 9-P contains at leas, one nitrogen 

n-rtrogen atoms, and which g oup roptiSy su^^^^^^^^^^^^^ " ^ - 

halo, alkyl, .C(0)R9b and -0(0)^° ' substituents selected from aryl. Het^. 

atfm:^rna7yrert:rrr:^^^^^^^^^ 

R9« to RSe. R9i Ri 1 represent, at each occurrence, H or C,.^ alkyl. 
[0020] Particularly preferred compounds of the invention include those wherein: 
R^ represents H, -CH3, -benzyl or -pyridyl- 

" N^T^N'l^^j^tX''' """" ' "^"""^ »' "^'^ -'-e« - 

represents C2.4 alkyl; 

Heti represents piperazin-l -yl. optional^ substituted in the 4-position by C,, alkyl or pyridyl. 

" S T;STrdTgrff::i^ 

spealve of any of the foregoing deSntons Td/or pr^Ii is ' " " ' °' '"^"'"'^ ' 



30 



35 



40 



EP 1 092 718 A1 



2-[5-(4-ethylpiperazin-l-ylsulfonyl)-2-n-propoxyphenyl]-9H-purin-6-one; 

8- benzyl-2-[2-ethoxy-5-(4-ethylplperazin-i-ylsultonyl)phenyl]-9-n-propylpurin-6-one; 
2-(5-(4-ethylpiperazin-1-ylSMlfonyl)-2-n-propoxyphenyl]-9-(4-nilrophenyl)-purin-6-one; 

9- (4-aminophenyl)-2*[^-(4-ethylpiperazin-1-ylsulfonyl)-2-n-propoxyphenyJ]purin-6-one; 

5 2-[5-(4-methylpipera2in-vylsu!tonyl)-2-nrpropoxyphenyl]-8'(pyridin-3-yl)-9H-purin-6-one; 

2-[2-ethoxy-5-(4-ethytpiperazin-l-ylsulfonyl)pyridin-3-yl]-8-methyl-9-n-propylpurin-6-one; 

8-benzyl-2-[2-n-butoxy-5-(4-ethylpipera2inO-ylsulfonyl)pyridin-3-yl]-9-n-propylpurin-6-one; 

2-(2-n-propoxy-5-[4-{pyridin-2-yl]piperazin-1-ylsulfonyl]phenyl)-9H-purin-6-one; 

2-(2-n-propoxy-5-['4-{pyridin-2-yl)pipera2in-l-ylsulfonyl]phenyl)-9-n-propylpurln-6-one; 
10 2-[5-(4-ethylpiperazin-l-ylsulfonyl)-2-n-propoxyphenyl]-7-n-propylpurin-6-one; 

2-[5-(4-ethy!pipera2in-1-ylsulfonyl)-2-n-propoxyphenyl]-7-(4-nitrophenyl)-purin-6-one; or 

7-(4-aminophenyl)-2-[5-(4-ethyipiperazin-1-ylsultonyl)-2-n-propoxyphenyl]purin-6-one; 

which compounds may also be termed "compounds of the invention''. 

15 [0023[ Especially preferred compounds of the invention include those wherein: 

represents H, -CH3, -benzyl or -pyridyl; 

represents H; phenyl (which phenyl group is substituted (e,.g. in position 4 relative to the point of attachment to 
the nitrdgen atom) by one or more substituents selected from -NO? and -NH2) or. propyl; 

20 ffi represents C2.4 alkyi; 

Het^ represents piperazin-i-yl, optionally substituted in the 4-position by C^.g alkyl. 

[0024] The compounds of the invention may exhibit tautomerism. All tautomeric forms of the compounds of formu- 
lae lA and IB, and mixtures thereof, are included within the scope of the invention. , 

25 [0025] The compounds of the invention may also contain one or more asymmetric carbon atoms and may therefore 
exhibit optical and/or diastereoisomerism. Diastereoisomers may be separated using conventional techniques e.g. by 
fractional crystallisation or chromatography. The various stereoisomers may be isolated by separation of a racemic or 
other mixture of the compounds using conventional, techniques e.g. fractional crystallisation or HPLC, The desirepl opti- 
cal isomers may be prepared by reaction of the appropriate optically active starting materials under conditions which 

30 will not cause racemisation or epimelrisation. Alternatively, the desired optical isomers may be prepared by resolution, 
either by HPLC of the racemate using a suitable chiral support or, where appropriate, by fractional crystallisation of the 
diastereoisomeric salts formed by reaction of the racemate with a suitable optically active acid or base. All stereoi- 
somers are included within the scope of the invention. ' 
[0026] Also included within the scope of the invention are radiolabelled derivatives of compounds of formulae lA 

35 and IB which are suitable for biological studies. 

Preparation 

[0027] According to a further aspect of the Invention there is provided processes for the preparation of compounds 
40 of the invention, as illustrated below. 

[0028] The following processes are illustrative of the general synthetic procedures which may be adopted in order 
to obtain the compounds of the invention: 

1 . Compounds of formulae lA and IB may be prepared by cyclisation of corresponding compounds of formulae HA 
45 . and MB, respectively, 
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0=S=0, 

' Het' ' 



IIA 



? :t V 




\ 



R2 



Wherein R\ R^, r3. Het^ and X are as hereinbefore defined 



IIIA 



H,N 




IIIB 



wherein and R^ are as hereinbefore defined, with a compound of formula'iV. 




IV 
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or a suitable cartoxylic acid derivative thereof (e.g. an acid halide or anhydride), wherein R^, Het^ and X are as 
hereinbefore defined. 

This coupling reaction may be achieved by conventional amide bond forming techniques which are well known 

to those skilled in the art. For example, an acid halide (e.g. chloride) derivative of a compound of formula IV may 
be reacted with a compound of formula IIIA or NIB, at between -10°C andVoom temperature, In the presence of an 
appropriate base (e.g. triethylamine, pyridine or, especially, sodium hydride) and optionally in the presence of a 
suitable catalyst (e.g. 4-(dimethylamino)-pyridine) and/or a suitable solvent (e.g. dichloromethane, THF or N,N- 
dimethylformamide). 

A variety of other amino acid coupling methodologies [nay be used to couple a compound of formula IIIA or NIB 
with a compound of formula IV. For example, the acid of formula IV or a suitable salt thereof (e.g. sodium salt) may 
be activated with an appropriate activating reagent (e.g. a carbodiinSide^, such as 1 ,3-dicyclohexylcarbodiimide or 
1-(3-dimethylamJnopropyl)-3-ethylcarbodiimide hydrochloride; a halotris^minophosphonium salt such as bromot- 
ripyrnolidinophosphonium hexafluorophosphate or benzotriazol-l-yloxytrispyrrolidinophosphonium hexatluoro- 
phosphate; or a suitable pyridinium salt such as 2-chloro-l-nnethyl pyri.dinium chloride), optionally in the presence 
of i-hydroxybenzotriazole hydrate and/or a catalyst such as 4-(dimethylahiino)pyridine. The coupling reaction may 
be conducted in a suitable solvent such as dichloromethane, N.N-dimethylformamide or tetrahydrofuran, in the 
presence of a suitable base (e.g. sodium hydride and, optionally 4-methytmorpholine or N-ethyldiisopropylamine), 
at between -10°C and -h60-C. Preferably, from about 1 to 2 molecular eqs. of the activating reqgent and from 1 to 3 
molecular eqs. of any base present may be employed. ^ 

Alternatively the carboxylic acid function of IV may be activated, at between room and reflux temperature, 
using an excess of a reagent such as 1 ,V-carbonyldiimidazole in an appropriate solvent, e.g. ethyl acetate, dichlo- 
romethane or butan-2-one, followed by reaction of Ihe intermediate imidazolide, at between room and reflux tem- 
perature, with a compound of formula IIIA or IIIB. 

Compounds of formula IV may be prepared by standard techniques known to those skilled in the art from a cor- 
responding halophenyl or 3-halopyridyl precursor via hydrolysis (e.g. under basic conditions) of an intermediate 
alkoxycarbonyl compound, which latter compound may be obtained by reaction of the halophenyl or 3-halopyridyl 
compound with carbon monoxide and a lower alkyi (e.g. C^.4) alcohol in the presence of a' suitable catalyst system 
.{jQ.g...^etrakis(tript)enylphosphine)palladiumj(0)). a ' . . * ■ 

2. Compounds of formulae lA and IB may alternatively be prepared by reaction of corresponding compounds Qf for- 
mulae VA. and VB, respectively, 




wherein is a leaving group (e.g. halo) and R\ R^, R^ and X are as hereinbefore defined, with a compound of 
formula VI, 

Het^-H VI 

wherein Het'' is as hereinbefore defined, provided that the essential nitrogen atom of the heterocycle is attached to 
the H-atom. 

This reaction is typically performed at between -10°C and room temperature in the presence of an appropriate 
solvent (e.g. a C^.3 alcohol, ethyl acetate or dichloromethane), an excess of the compound of formula VI and, 
optionally, another suitable base (e.g. triethylamine or N-ethyldiisopropylamine). 

Compounds of formula VA and VB, in which X represents N, may be prepared from corresponding compounds 
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of formulae VIIA and VIIB. respectively. 





VIIA 



VIIB 



lae v^Zrvme! l:CLT '"'^ '''''''' °' -"^P-"^^ °' 





VIIIA 



VIIIB 
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JO 




IXA 



J5 




IXB 



20 



wherein R\ and are as hereinbefore defined, lor example by conventional techniques, such as catalytic 
hydrogenation. Typically, the hydrogenalion may be achieved at between 40 and 50°C using a Raney® nickel cat- 
alyst in-a suitable splvent (e.g. ethanol) at a hydrogen pressure of between 150 kPa and 500 kPa, especially 
345kPa. 

Compounds of formulae IXA and IXB may be prepared by reaction of corresponding compounds of formulae 
IIIA and NIB, as hereinbefore defined, with a compound of formula X, 



2b 



30 



35 



40 



45 



50 



55 




OH 



or a suitable carboxylic acid derivative (e.g. an acid halide) thereof, wherein R^ is as hereinbefore defined, for 
example using analogous amide bond forming techniques to those previously described for the synthesis of com- 
pounds of formulae IIA and MB. 

Compounds of formulae VIIA and VIIB may alternatively be prepared by reduction of corresponding com- 
pounds of formulae XIA and XIB, respectively: 



O HN 
NO, 




O HN' 




XIA 



XIB 



wherein R\ and are as hereinbefore defined. This reduction may be performed under a variety of reaction 
conditions, for example by catalytic hydrogenation (e.g. using 1 0% Pd/C in an alcohol, such as ethanol, at 415 kPa 



11 



EP 1 092 718 Al 



i.«A """"" ""^"^ ^'""-^ 0' lis o'- 





XIVA 



XIVB 



Wherein r2 r3 and are as hereinbetore defined, with a compound of formula XV, ' 

. . . ' . XV 

t:t'r:sToVrr::,r rerS^ JrT^l^ r ^"^^'--^ •'^^ -^'^^ -.s attached 

or 4Cat;;i?"^'"'^'°" '''''''' P-^"- °* - ^PP-P^'^'e cat^ system (e ra SdS 

ana u.i eq of PdlPPha)^, refluxing in an approximately 4:1 mixture of dioxane : water or 2 5 to 3 eo of r<:F n nl 
In a further typical procedure, a compound of formula XV may be used, in which M is hal02inc Such a mm 

Detween 10 and 50 C with bromine in the presence of a suitable solvent (e.g. water or dichloromethane) 
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XVIA XVIB 



wherein R\ and are as hereinbefore defined, for example by way of known reactions that will result In con- 
version of a thiol to an -SOgL^ group. For example, tor compounds of formulae VA and VB in which represents 
halo, the reaction may be carried out at between -10^C and reflux temperature in the presence of a suitable oxidis- 
ing agent (e.g. potassium nitrate), an appropriate halogenating agent (e.g. thionyl chloride) and a suitable solvent 
(e.g. acetonitrile). Compounds of formulae XVIA and XVIB may be prepared by reaction of corresponding com- 
pounds of formulae XVIIA and XVIIB, respectively,* 




» ♦ 



XVIIA XVIIB 

wherein r\ R^, R^ and L'' are as hereinbefore defined (and is preferably iodo), with a suitable sulfur-delivering 
reagent. For example, the reaction may be carried out at between room and reflux temperature in the presence of 
thiourea, an appropriate coupling catalyst (e.g. dichlorobis(triethylphosphine)nickel(ll) in combination with a reduc- 
ing agent such as sodiunn cyanoborohydride) and a suitable solvent (e.g. N,N-dimethylformamide), followed by 
hydrolysis in the presence of a base such as calcium oxide. 

Compounds of fomnulae XVIIA and XVIIB may be prepared by cyclisation of corresponding compounds of for- 
mulae XVItIA and XVIIIB. respectively, 



13 



EP 1 092 718 A1 




XVIIIA 




XVIIIB 




XIX 




XXA 




XXB 



««.r, ,„ *e presence o, e„ excee. c«=,osu»o„. ec« ,op,*„e',^ i„ ^nf^nSlTreS ^Tk'^;; 
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chloride), and optionally in an appropriate organic solvent (e.g. dichloromethane). 

Compounds of formulae XXA and XXB are available using known techniques. For example, compounds'of for- 
mulae XXA and XXB, in wfjjjch represents aryl, Hef or optionally substituted lower alkyi, may be prepared by 
reaction of corresponcjing compounds of formulae XXA and XXB, respectively, in which represents H, with a ' 
5 compound of formula XXI, 

r2«.l2 XXI 

wherein R^^ represents aryl, Het^ or lower alkyI (which latter group is optionally substituted as defined hereinbefore in 
10 respect of R^ in compounds of formulae lA and IB), and represents a leaving group such as halo, alkane sulfonate, 
perfluoroalkane sulfonate or arene sulfonate, for example using methods which are known to those skilled in the art. 
Preferably, the leaving group is halo (preferably chloro, bromo or iodo) and the reaction is performed at between -70 and 
140°C in the presence of a suitable base (e.g. cesium carbonate, potassium hydroxide or sodium hydride), an appro- 
priate solvent (e.g. N,N-dimethylformamide, DMSO or THF), and optionally in the presence of sodium iodide or potas- 
15 slum iodide. Preferably the alkylation is conducted at between room temperature and 80°C. 

Those skilled in the art will appreciate that, in compounds of formula XXI in which R^^ represents Het^ or aryl, 
the R^® group may need to be activated by the presence of one or more electron-withdrawing groups for reaction 
with compounds of formulae XXA and XXB (in which R^ represents H) to take place. Suitable electron-withdrawing 
groups tor this purpose include nitro, tormyl, acyl and alkoxycarbonyl.'Such groups may be introduced and/or 
20 removed from the relevant aryl or Het^ group using methods and under conditions that are known to those skilled 
in the art. 

Compounds of formulae XXA and XXB in which R^ represents optionally substituted lower alkyI may be 
obtained by reaction of compounds of formulae XXA and XXB, respectively, in which R' represents H, with a com- 
pound of formula XXIL 

25 

R^^OH XXII 

wherein R^^ represents lower alkyl. (which alkyI group is optionally substituted defined hereinbefore in respecj of ff 
in compounds of formulae lA and IB), for example under Mitsunobu-type conditions known to those skilled in the art. 
30 Compounds of formulae XXA and XXB may alternatively be prepared by cyclisation of corresponding com- 

pounds of formulae XXIIIA and XXIII6. respectively, 



35 



40 




XXIIIA XXIIIB 

45 . 

wherein R\ R^ and R^ are as hereinbefore defined, for example under analogous conditions to those described 
previously for the synthesis of compounds of formulae lA and IB. 

Compounds of formulae XXIIIA and XXIIIB may be prepared by reaction of corresponding compounds of for- 
50 mulae IIIA or IIIB, respectively, as hereinbefore defined, with a compound of formula XXIV, 



55 



15 



EP 1 092 718 A1 



10 



15 



20 



25 




XXIV 



or a suitable carboxylic acid derivative (e.g. an acid halide) thereof, wherein is a« hereinbefore defined for 



R" o 




30 



35 



40 



45 



50 



XXIVA 



XXIVB 



po proceiJre ^reSlv this oneToTn" '^'^^ " respectively), may be accorr,plished in a one- 

in the DresenL?>^^^ ^ ^""^ " ^'"^ ^ ^^'^^ated methanolic ammonia solution 

rnmnn H ff ^T^' ^"'^'"""^ t-butoxide). Under pressure, at elevated temperatures especially at 100°C 




XXV 



wherein is as hereinbefore defined, with a compound of formula XXVI. 

R^-CHO 



XXVI 



Compounds of formulae XXA and XXB in which R^ represents H may alternatively be prepared by , 



' reaction of 
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a corresponding compound of formula XXV, as hereinbefore defined, with a compound of formula XXVII, 

R^-C(0)OH X)<Vlf 

5 or a suitable carbdxylic acid derivative thereof (e.g. an acid halide or an orthoWer), tor example at between room and 
reflux temperature, optionally in the presence of a suitable solvent (e.g. N,N-dimethyl formamide) and/or an appropriate 
base. 

' 3, Compounds of formulae lA and IB, in which represents aryl, Het'* or optionally substituted lower alkyi, may be 

'10 prepared by reaction of corresponding compounds of formulae lA and IB in which' R^. represents H with a com- 
pound of formula XXI, as hereinbefore defined, "for example as debcribed hereinbefore for preparation of com- 
pounds of formulae XXA and XXB. ; • 
I 

4. Compounds of formulae lA and IB, in which R^ represents* optionally substituted lower alkyI, may be prepared by 
75 reaction ot corresponding compounds of formulae lA and IB in which represents H with a compound of formula 

XXII, as hereinbefore defined, tor example as described hereinbefore for preparation of compounds of formulae 
XXA and XXB. 

[0029] Compounds of formulae IIIA, IIIB, VI, X, XV. XIX, XXI, XXII, XXIV, XXIVA. XXIVB, XXV, XXVI, XXVII and 

20 derivatives thereof, when not commercially available or not subsequently described, may be obtained either by analogy 
with the processes described hereinbefore, or by conventional synthetic procedures, in accordance with standard tech- 
niques, from readily available starting materials using appropriate reagents and reaction conditions. For example, com- 
pounds of formula XXV may be prepared by, or by analogy with, methods described in EP 352 960. 
[0030] Substituents on aryl and Het (Het\ Het^, Het^, Het"^, Het^) groups in the above-mentioned compounds may 

25 be introduced, removed and interconverted, using techniques which are well known to those skilled in the art. For exam- 
ple, compounds of formulae lA and IB as described hereinbefore, in which R*^ represents an aminophenyl group, may 
be prepared by reducing corresponding compounds of formula lA or IB, in which R^ represents'a nitrophenyl group. The 
reactjpn may be performed using methods which are wejl known to those shjillfed in the art, for example under reduction 
. conditions described hereinbefore. 
• 30 [0031 ] The skilled person will also appreciate that various standard substituent or functional group interconversions 
arid transformations within certain compounds of formulae lA and IB will provide other compounds of fprmulae lA and 
IB: For example, alkoxide exchange at the 2-position of the 5-phenyl and the pyridin-3-yl substituents. Moreover, certain 
compounds of formulae lA and IB, for example those in which Het^ represents a 4-R''^-pipera2inyl grobp, in which R""^ 
does not represent H, may be prepared directly from the corresponding piperazine analogues in which R^^ represents 

35 H, using standard procedures (e.g. alkylation). 

[0032] The compounds of the invention may be isolated from their reaction mixtures using conventional techniques. 
[0033] It will be appreciated by those skilled in the art that, in the course of carrying out the processes described 
above, the functional groups of intermediate compounds may need to be protected by protecting groups. 
[0034] Functional groups which it is desirable to protect include hydroxy, amino and carboxylic acid. Suitable pro- 

40 tecting groups for hydroxy include trialkylsilyl and diarylalkylsilyl groups (e.g. tert-butyldimethylsilyl, tert-butyldiphenyls- 
ilyl or trimethylsilyl), fetrahydropyranyl and alkylcarbonyl groups (e.g. methyl-and ethylcarbonyl). Suitable protecting 
groups for amino include tert-butyloxycarbonyl, 9-fluorenylmethoxycarbonyl or benzyloxycarbonyl. Suitable protecting 
groups for carboxylic acid include C^.^ alkyI or benzyl esters. 

[0035] The protection and deprotectlon of functional groups may take place before or after any of the reaction steps 
45 described hereinbefore. 

[0036] Protecting groups may be removed in accordance with techniques which are well known to those skilled in 
the art 

[0037] The use of protecting groups is fully described in "Protective Groups in Organic Chemistry", edited by JWF 
McOmie, Plenum Press (1973), and "Protective Groups in Organic Synthesis", 2"^ edition, TW Greene & PGM Wutz, 

so Wiley-lnterscience (1991). 

[0038] Persons skilled in the art will also appreciate that, in order to obtain compounds of formula I In an atternative, 
and, on some occasions, more convenient, manner, the individual process steps mentioned hereinbefore may be per- 
formed in a different order, and/or the individual reactions may be performed at a different stage in the overall route (i.e. 
substituents may be added to and/or chemical transformations performed upon, different intermediates to those men- 

55 tioned hereinbefore in conjunction with a particular reaction). This will depend inter alia on factors such as the nature of 
other functional groups present in a particular substrate, the availability of key intermediates and the protecting group 
strategy (if any) to be adopted. Clearly, the type of chemistry involved will influence the choice of reagent that is used 
in the said synthetic steps, the need, and type, of protecting groups that are employed, and the sequence for accom- 
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plishing the synthesis. 

SLxr?Zvl7olZ^"'"''"''" '''' '^""P"""^^ °' 'B Which contain a 

thl ™n ? ^ ! ^ ? ^ conventional manner. For example, a solution of the free base may be treated v^.th 

mac^lcanraTeS"^^ An''^' ^"'^'^""^ °' ' ''^''>''^' °' ^--'^ O - ^ P^^r- 

m a,i,9 an*o, s*swt tissue dis,*«i„„ studies. Tfcwa , caror,4 1 . ,?'""'>"■'>'='«''■ 

Klvem" n"""'" '=°""'~"'"' »! '°™"'» « B are Included MXr. ,he scope „ 

metenoprost, sulprostune, tiaprost and moxisylate; and/or . gemeprost. 

a-blTcL^rSurble 00^'"'^^''°^ « - adrenoceptors or a-receptors or 

adrenergic receptors as described In US patents: 4 188 390- 4 026 894- <; i nTfi / «nl T . 

Sr^ri ''°-^°"°;.<NO-agonist) compounds. Suitable NO-donor compounds for use herein include oroanic 
nrtrates such as mono- d. or tri-nltrates or organic nitrate esters including glyceryl brinitrate (a so ^nown as n^^ 

nrtropruss.de (SNP). S-morpholmosydnon.m.ne molsidomine. S-nitroso- N-acetyl penicilliamine (SNAP) S-nrtros^ 
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N-glutathione (SNO-GLU), N-hydroxy - L-arginine, amylnitrate, linsidomine, linsidomine chlorohydrate, (SIN-1) S- 
nitroso - N-cysteine, diazenium diolates, (NONOates), l,5-pentanedinitrate,'L-arginene, ginseng, zizphi tructus, 
molsidomine, Re - 2047, nitrosylated m ax isylyte derivatives such as NMI-678-n and NMI-937as described inpLb- 
lished PCT application WO 0012075 ; and/or ' 

M 

5 ■ ■ ' 

(d) one or more potassium channel openers. Suitable potassium channel openers for use herein include nicorandil, 
cromokalim, levcromakalim, lemakalim, pinacidil, cliazoxide, minoxidil, charybdotoxin, glyburide, 4-amini pyridine, 
BaCl2 ; and/or 

TO (e) one or more dopaminergic agents. Suitable dopaminergic compounds for use herein include Dg-agonists such 
as, pramipexol; apomorphine; and/or • ' 'i 

'I 

(f) one or more vasodilator agents. Suitable vasodilator agents for use herein include nimodepine, pinacidil, cycla- 
ndelate, isoxsuprine, chloroprumazine, halo peridol. Rec 15/2739, trazpdone, pentoxifylline; and/or 

15 ' . 

(g) one or more thromboxane A2 agonists: and/or 

(h) one or more CNS active agents; and/or • , 

20 (i) one or more ergot alkoloids; Suitable ergot alkaloids are described in US patent 6,037,346 issued on 14th March 
2000 and include acetergamine, brazergoline, bromerguride, cianergoline, delorgotriie, disulergine, ergonovine 
maleate. ergotamine tartrate, etisulergine.tlergotril^, lysergide, mesulergine, metergoline, metergotamine, nicergo- 
line, pergolide, propisergide, proterguride, terguride; and/or 

25 (k) one or more compounds which modulate the action o1 atrial natruretic factor (also known as atrial naturetic pep- 
tide), such as inhibitors or neutral endopeptidase; and/or 

.()) pn^ or more comppunds which inhibit angiotensin-.converting enzyn^e'such as enapril, and combined inhlbitpp. 
• , of angiotensin-converting enzyme and neutral endopeptidase such as omapatrilat; and/or 

30 

(m)one or. more, angiotensin receptor antagonists such as losartan; and/or . 
(n) one or more substrates for NO-synthase, such as L-arginine; and/or * 
35 (0) one or more calcium channel blockers such as amiodipine; and/or 

(p) one or more antagonists of endothelin receptors and inhibitors or endothelin-converting enzyme; and/or 
(q) one or more cholesterol lowering agents such as statins and fibrates; and/or 

40 

(r) one or more antiplatelet and antithrombotic agents, e.g. tPA, uPA, warfarin, hirudin and otherthrombin inhibitors, 
heparin, thromboplastin activating factor inhibitors; and/or 

(s) one or more insulin sensitising agents such as rezulin and hypogtycaemic agents such as glipizide; and/or 

45 

(t) L-DOPA or carbidopa; and/or 

(u) one or more acetylcholinesterase inhibitors such as donezipil; and/or 
50 (v) one or more steroidal or non-steroidal anti-inflammatory agents. 
Medical Use 

[0044] The compounds of the invention are useful because they possess pharmacological activity in animals, espe- 
55 cially mammals, including humans. They are therefore indicated as pharmaceuticals, as well as for use as animal med- 
icaments. 

[0045] According to a further aspect of the invention there is provided the compounds of the invention for use as 
pharmaceuticals, and for use as animal medicaments. 
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10 



15 



20 



25 



.n which inhibition of cGMP PDEs. iyjch as cGMP PDE5. is desirable ' ^""^ 

?iu? '"'^'"'^e both therapeutic (curative), palliative or prophylactic treatment 

[0050] '"^'^^6'' iT^edical conditions for which a potent and selectivprfiMPPHPt; ^ 
Particularly preferred conditions include MED and pSD 

Pharmaceutical Preparations ' , 

35 

TnhLJ^l compounds of the invention will normally be administered orally or by any parenteral route In the form 
of pharmaceutical preparations comprising the active inqredient ootionallv in th» f„L I ^ , '"^ 

VMwmmmm 
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suspensions and/or elixirs, the compounds of the formula (lA) or (IB) may be combined with various sweetening or fla- 
vouring agents, colouring matter or dyes, with emulsifying and/or suspending agents and with diluents such as Awater, 
ethanol, propylene glycol and g|ycerin, and combinations thereof. 

[0058] Modified releasee and, pulsatile release dosage forms may contain excipients such as those detailed for ' 
5 immediate release dosage forms together with additional excipients that act as release rate modifiers, these being 
coated on and/or included in the body of the device. Release rate modifiers include, but are not exclusively limited to, 
hydroxypropylm ethyl cellulose, methyl cellulose, sodium carboxymethylcellulose, ethyl cellulose, cellulose acetate, pol- 
yethylene oxide, Xanthan gum, Cartomer, ammonio methacrylate copolymer, hydrogenated castor oil, camauba wax, 
paraffin wax, cellulose acetate phthalate, hydroxypropylmethyl cellulose, phthalate, methacrylic acid copolymer and 
10 mixtures thereof. Modified release and pulsatile release dosage forms may contain one or a combination of release rate 
modifying excipients. Release rate modifying excipients maybe present both within the dosage form i.e. within the 
matrix, and/or on the dosage form i.e. upon the surlace or coating. 

[0059] Fast dispersing or dissolving dosage formulations (FDDFs) may contain the following ingredients: aspar- 
tame, acesulfame potassium, citric acid, croscarmellose sodium, crospovidone, diascorbic acid, ethyl acrylate, ethyl 

15 cellulose, gelatin, hydroxypropylmethyl cellulose, magnesium stearate, mannitoL methyl methacrylate, mint flavouring, 
polyethylene glycol, fumed silica, silicon dioxide, sodium starch glycolate, sodium stearyl fumarate, sorbitol, xylitol. 
[0060] The compounds of the invention can also be administered parenterally, for example, intracavernosally, intra- 
venously, Intra-arterially, intraperitoneally intrathecally, .intraventricularly, intraurethrally intrasternally, intracranially, 
intramuscularly or subcutaneously, or they may be administered by infusion techniques. For such parenteral adminis* 

20 tration they are best used in the form of a sterile aqueous solution which may contain other substances, for example, 
enough salts or glucose to make the solution isotonic with blood; The aqueous solutions should be suitably buffered 
{preferably to a pH of from 3 to 9), if necessary. The preparation of suitable parenteral formulations under sterile condi- 
tions is readily accomplished by standard pharmaceutical techniques well-known to those skilled in the an. 
[0061] For oral and parenteral administration to human patients, the'daiiy dosage level of the compounds of formula 

25 (lA) or (IB) or salts or solvates thereof will usually be from 10 to 500 mg (in single or divided doses). 

[0062] Thus, for example, tablets or capsules of the compounds of formulae (lA) or (IB) or salts or solvates thereof 
may contain from 5mg to 250 mg of active compound for administration singly or two or more at a time, as appropriate. 
The physician in any event will determine the actual dosage which will be most suitalDje for any individual patientjan(;J.it , 
will vary with the age, weight and response of the particular patient. The above dosages are exemplary of the average 

30 case. There can, of course, be indi>yidual instances where higher or lower dosage ranges are merited and such are 
within the scope of this invention. The skilled person will also appreciate that, in the treatment of certain conditions 
(including MED and FSD), compounds. of the invention may be taken as a single dose on an "as required" basis (i.e. as 
needed or desired). 

35 Example Tablet Formulation - 

[0063] In general a tablet formulation could typically contain between about 0.01 mg and 500mg of a compound 
according to the present invention (or a salt thereof) whilst tablet fill weights may range from 50mg to 1 0OOmg. An exam- 
ple formulation for a 10mg tablet is illustrated: 



45 . 



Ingredient 


%w/w 


Compound of Example 7 


10.000* 


Lactose 


64.125 


Starch 


21.375 


Croscarmellose Sodium 


3.000 


Magnesium Stearate 


1.500 



* This quantity is typically adjusted In 
accordance wKh drug activity. 



[0064] The compounds of the invention can also be administered intranasally or by inhalation and are conveniently 
delivered in the form of a dry powder inhaler or an aerosol spray presentation from a pressurised container, pump, spray 
or nebuliser with the use of a suitable propellant, e.g. dichlorodifluoromethane, trichlorofluoromethane, dichlo- 
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rotetrafluoroethane. a hydrofluoroalkane such as 1,1,1,2-tetrafluoroethane (HFa"i34A (trade markl oM 1 i 2333 

!rom? .0 SO^'mo of ■ °' P^-^-^b'y arranged so that each metered dose or 'pur contains 

d^ slrt;ruUhe"Sr " ^ '° ^'"^ ^^'""'^^^^^ ^ ^'^^'^ 

[0066] The compounds of the invention may also be formulated for delive'^^ \^,a an atomiser Formulations for «tnm 

!h°e fo!m of?ronSrl'^ °' '"^^ °^ ^^"^ °^ ^'^-eof can be administered in 

or rectal routec ' '"^ °' ^ ^l*'" P^*'^^'- They may also be administered by the ocular, pulmonaty 

an'b formuLTdTaTu ^""i °^ '"^"^"'^ - - - s'olvatl thereof 

irinll kniwn tn\ °' ^'^^ ''^ "^^^ Combination wrth a cyclodextrin- Cyclodex- 

pnoaiesterases (cGMP PDEs) and in particular, are potent and selective inhibitors of cGMP PDE5 comnonnri, «f tL 
methods. °' '^""^^""'^^ °' •''^ P^^^^"' 'determined by the following test 
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Biological Tests 

Phosphodiesterase (PDE) Inhibitory Activity 

5 [0076] In vitro PDE inhibitory activities against cyclic guanosine 3\5'-monophosphate (cGMP) and cyclic adenosine 
3,5*-monophosphate (cAMP) phosphodiesterases were determined by nneasurenneht of their IC50 values (the concen- 
tration of compound required for 50% inhibition of enzyme activity). 

[0077] The required PDE enzymes were isolated from a variety of sources, including human corpus cavernosum, 
human and rabbit platelets, human cardiac ventricle, humaiji skeletal muscle and bovine retina, essentially by the 

TO method of W.J. Thompson, and M.M. Appleman (Biochem., 1971, 10, 311). In particular, the cGMP-specific PDE 
(PDE5) and the cGiy)lP-inhibited cAMP PDE (PDE3)'were obtained fro/n human corpus cavernosum tissue, human 
platelets or rabbit platelets; the cGMP-stimulated PDE (PDE2) was obtained'trom humen corpus cavernosum; the cal- 
cium/calmodulin (Ca/CAM)-dependent PDE (PDEl) from human cardiac ventricle; the cAMP-specific PDE (PDE4) 
from human skeletal muscle; and the photoreceptor PDE (PDE6) from boyine retina. Phosphodiesterases 7-11 were 

15 generated from full length human recombinant clones transtected into SF9 cells. 

[0078] Assays were performed either using a modification of the "batch" method of W.J. Thompson et al. (Biochem.; 
1979, 18, 5228) or using a scintillation proximity assay for the direct detection of AMP/GMP using a modification of the 
protocol described by Amersham pic under product code TRKO7090/710Q. In summary, the effect of PDE inhibitors 
was investigated by assaying a fixed amount of enzyme in the presence of varying inhibitor concentrations and low sub- 

20 strate, (cGMP or cAMP in a 3:1 ratio unlabelled to [^H]-labeled at a cone -1/3 K^^) such that IC50 ^ Kj. The final assay 
volume was made up to 1 00^1 with assay buffer [20 mM Tris-HCI pH 7.4. 5 mM MgCl2, 1 mg/ml bovine serum albumin]. 
Reactions were initiated with enzyme, incubated for 30-60 min at 30*^0 to give <30% substrate turnover and terminated 
with 50 pi yttrium silicate SPA beads (containing 3 mM of the respective unlabelled cyclic nucleotide for PDEs 9 and 
1 1 ). Plates were re-sealed and shaken for 20 min, after which the beads were allowed to settle for 30 min in the dark 

25 and then counted on a TopCount plate reader (Packard, Meriden. CT) Radioactivity units were converted to % activity 
of an uninhibited control (100%), plotted against inhibitor concentration and inhibitor IC50 values obtained using the 'Fit 
Curve' Microsoft Excel extension. Results from these tests show that the compounds of the prefsent invention are potent 
and.^pleptive inhibitors of cGMP-specific PDE5. »» ' . .* 

I t 

30 Functional activltv 

[OO79] Th)€ was assessed in vitro by determining. the capacity of a compound of the. invention to enharlce sodium 
nitroprusside-induced relaxation of pre-contracted rabbit corpus cavernosum tissue strips, as described by S.A. Ballard 
filal. (Brit. J. PharmacoL. 1996, Ilfi (suppl.), abstract 153P). 

35 

In vivo activltv 

[0080] Compounds were screened in anaesthetised dogs to determine their capacity, after i.v. administration, to 
enhance the pressure rises in the corpora cavernosa of the penis induced by intracavernosal injection of sodium nitro- 
40 prusside, using a method based on that described by Trigo-Rocha et aj. (Neurourol. and Urodyn., 1994, 13, 71 ). 

Safety Profile . • 

[0081] Compounds of the invention may be tested at varying i.v and p.o. doses in animals such as mouse and dog, 
45 observing for any untoward effects. 

Examples and Preparations 

[0082] The invention is illustrated by the following Preparations and Examples. 
50 [0083] nuclear magnetic resonance (NMR) spectra were recorded using either a Varian Unity 300 or a Varian 
Inova 400 spectrometer and were in all cases consistent with the proposed structures. Characteristic chemical shifts (5) 
are given in parts-per-million downfield from tetramethylsilane. 

[0084] Mass spectra (nn/z) were recorded using a low resolution mass spectrometer. 
[0085] Room temperature includes 20 to 25°C. 
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Synthesis of Int ermediates 
Preparation i 

^ 5-Amino-2-methvl-1-n-prnp y|imida7olP^4^carbQxamiriP 



10086] A mixture of 2-amino-2-cyanoacetamlde (prepared as described in WO 94/00453- 3 6 o -^fi mr^on h 

5 (DMSO-de. 300 MHz) : 0.85 (3H. ,). ,.58 (2H. m), 2.17 (3H, s). 3.68 (2H. ,). 5.66 (2H, s), 6.50,(2H. br s). 
Preparation P 

♦ 

5-Amino>2-ben7vl-l-n-proDvlimidP7oie-4>carhnxamirtP 

5 (DMSO-de. 400 MHZ) : 0.68 (3H. ,). 1 .24 (2H. m). 3.66 (2H. t). 3.92 (2H. s). 5.70 (2H, s). 7. 14-7.28 (5H. m). 
30 Preparation .9 ' • • ' ^ 

2-BenzYl-5-(?-ethoxvben7amidoM-n- prnpyi.mida2ole-4^rarhnv=.miHo . ■ . . . 

[0088] , 



35 



40 



45 



SO 



temperaturp fnr p hni.rc Thi ^ . ♦ aimeinyiiormamide (1 drop), and the reaction st rred at room 



LRMS :m/2 407 (M+1)+ 
Preparation 4 

55 2-n-Butoxyp vridlne-3-cart)oxy lic arid 
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hours. The cooled mixture (which solidified on cooling) was crushed and then partitioned between ethyl acetate and 
aqueous hydrochloric acid (sufficient to achieve pH 4), and the layers separated. The organic phase was washed with 
brine, and evaporated under rejjiuced pressure. The residue was redissolved in ethyl acetate, dried- (MgS04) and re- 
evaporated to give the title compouripl as a solid (1 ^ .9 g, 96%). 

5 

LRMS:nV2l96(M+l)*. 

Preparation 5 

10 2-n-Butoxy-5-iodopyridine-3-carboxylic acid 

[0090] N-lodosuccinimide (6.0 g, 26.7 nnmol) was added to a solution of 2"n-butoxypyridine-3-carboxylic acid (Prep- 
aration 4; 3.46 g, 1 7.7 nnmol) in trifluoroacetic acid (28 mL) and tritluoroacetic anhydride (7 mL) and the reaction heated 
under reflux in the absence of light, for 3 hours. The cooled reaction mixture was concentrated under reduced pressure 
15 and the residue dissolved in ethyl acetate. This solution was washed sequentially with water (2 x), aqueous sodium thi- 
osulfate solution, aqueous sodium citrate solution. 2 N hydrochloric acid, and brine, then dried {MgS04) and evaporated 
under reduced pressure. The solid was triturated with pentane, filtered, washed with additional pentane and dried, to 
give the title compound as a white solid (3.86 g, 68%). 

20 Anal. Found: C, 37.10; H, 3.70; N, 4.21 . C10H12INO3 requires C, 37.40; H, 3.76; 4.367o. 

6 (CDCI3, 400 MHz): 1.00 (3H. t), 1.50 (2H, m), 1.85 (2H, m),4.59 (2H, t), 8.65 (1H, s), 8.70 (1H, s). 

Preparation 6 

25 Pyrldine-2-amino-5-sulfonic acid 

[0091] 2-Aminopyridlne (80 g, 0.85 mol) was added portion-wise over 30 minutes to oleum (320 g) and the resulting 
solution heated at 140°C for 4 hours. On cpotmg, the reaction was poured onto jce (200 g) and the mixture stirred in ^n 
ice/salt bath for a further 2 hours. The resulting suspension was filtered, the solid, washed with ice water (200 mL) and 
30 cold IMS (200 mL) and dried under Auction to afford the title compound as a'solid (11 1.3 g, 75%). 

LRMS: m/2 175 (M+1)\ 

Preparation 7 

35 

Pyridine-2-amino-3-bromo-5-sulfonic acid 

[0092] Bromine (99 g, 0.62 mol) was added dropwise over an hour, to a hot solution of pyridine-2-amino-5-sulfonic 
acid (Preparation 6; 108 g, 0.62 mol) in water (600 mL) so as to maintain a steady reflux. Once the addition was com- 
40 plete the reaction was cooled and the resulting mixture filtered. The solid was washed with water and dried under suc- 
tion to afford the title compound (53.4 g, 34%). 

6 (DMSO-de, 300 MHz) : 8.08 (1H. s), 8.14 (1H, s). 
LRMS : m/z 253 (M)"^. 

45 . 

Preparation 8 

Pyridine-3-bromo-2-chloro-5-sulfonyl chloride 

50 [0093] A solution of sodium nitrite (7.6 g, 1 1 0.0 mmol) in water (30 mL) was added dropwise to an ice-cooled solu- 
tion of pyridine-2-amino-3-bromo-5-sulfonic acid (Preparation 7; 25.3 g, 100.0 mmol) in aqueous hydrochloric acid (115 
mL, 20%), so as to maintain the temperature below 6°C. The reaction was stirred tor 30 minutes at 0**C and for a further 
hour at room temperature. The reaction mixture was evaporated under reduced pressure and the residue dried under 
vacuum at 70^C for 72 hours. A mixture of this solid, phosphorus pentachloride (30.0 g, 144.0 mmol) and phosphorus 

55 oxychloride (1 mL, 10.8 mmol) was heated at 125°Cfor3 hours, and then cooled. The reaction mixture was poured onto 
ice (1 00 g) and the resulting solid filtered, and washed with water. The product was dissolved in dichloromethane, dried 
(MgS04), and evaporated under reduced pressure to afford the title compound as a yellow solid (26.58 g, 91%). 
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5 (CDCI3, 300 MHz) : 8.46 (1H, s), 8.92 (1H, s). 
Preparation 9 

3-Bromo-2-chloro-5-f4-ethvlPiDera 7in-1-vl<5ulfnnvllDyridine 



[0094] A solution of i-ethylpiperazine (ii.s mL. 89.0 mmol) and triethylamine (12.5 mL 89 0 mmoD in dichio 

(Kreparation 8, 23.0fl, 79.0 mmol) ,n dichloromethane (150 mL) ana the reaction stirred at O'C for an hour The reaction 
• r r ""^^.^ '^'-^'^ P^--«"^e and the residu.1 brown oi, was purified by colul chrolt g^^^^^^^^^ 

oTn^: so^i nTsTso^ ^ ^ -thano. (99. ,p 97:3) .0 afford^he t.e coCndTst 

6 (CDCI3', 300 MH2) : 1.06 (3H, t). 2.42 (2H. q). 2.55 (4H, m). 3.12 (4H, m), 8.24 (1H, s), 8.67 (1H. s). 
Preparation i n 

3-Bromo-2-ethoxv-5-(4-et hvlDipera7in-i.visullonvhpyririino 

, 20 [0095] A rnixture of 3-bromo-2-chloro-5-(4-efhylpipera2in-l.ylsulfonyl)pyridine (Preparation 9" 6 60 o 17 9 mmon 
and sod.um ethox.de (6.09 g. 89.55 mmol) in e.hanol (100 mL) was hea.ed under r flux for 8 hours men cooted Th 
Ltir.TS^trrndrr''' -duced pressur,, the residue partitioned between water ('lOO : and Jhy 
r^mh noH ^ , ^ Separated. The aqueous phase was extracted wrth ethyl acetate (2 x 100 mL) the 

Zrsl°;r4Tg"j5ir '''' ^-^^^^ -'-^^ ^---^ ^"-^ '^-^ comSaH 

S?r'nr?""<fnn Mu';^^' ^'^^^ ^isH^oBrNaOsS requires a 41.35; H. 5.28; N, ,0.99% 

30 ' .LRMS : nVz378, 380 (M+1)*. 1 ^ 

■ Preparation 1 1 y ' ' • 
Pyridine ?-ethnxv-5-(4-ethvlr)lnera7in-i.vteM[fr>nyiv^ ^ arhoyvi]r «r.H ^^^^^ ' 

St - r'"*"'^, °' ^■'"■°'^°-2-e«^°'<y-5-(4-ethylpiperazin.1-ylsulfonyl)pyrldine (Preparation 10" 6 40 g 16 92 
S\ f ?T ^ ' '"'^ P^"^'^--(0) tetrakls(triphenylphosphine) (1 95 g, 1.69 mmof in et anol 

(60 r^L) was heated at 1 00"C and 1 379 kPa (200 psi). under a carbon monoxide atmosphere, fo 1 8 hor^Jen cooled 
The reaction mixture was evaporated under reduced pressure and the residue purified by column chrSoqraphv on 
:l'ge oi.;7g- t*^- : methanol (100:0 to 97:3) to afford the t.le Zpound 2 an 

« LRMS:m/i372(M+1)r 
Preparation 12 

PvrWine 2-eth0XV-5-f4-ethvlnipemgin-i -v i.gi j|fonvn.a.rarhftvY ii,^ ariH 

4.96 g 13.35 mmol) and aqueous sodium hydroxide solution (25 mL. 2 N, 50.0 mmol) in ethanol (25 mL) was stirred a 
room temperature for 2 hours. The reaction mixture was concentrated under reduced pressure to Sf ol i^orlg n^ Jol 
ume washed wrth ether and then acidffied to pH 5 using 4 N hydrochlorfc acid. The aqueous solln wasT^^^^^^^ 
dichloromethane (3 x 30 mL). which organic extracts were combined, dried (MgSO^) and Then eva^raT^ Jnder 
reduced pressure to afford the title compound as a tan-coloured solid (4 02 g 88%) evaporated under 
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5 (DMSO-de. 300 MHZ) : 1.18 (3H. t). 1.37 (3H. t). 3.08 (2H. q). 3.17-3.35 (8H. m). 4.52 (2H. q). 8.30 (1H. s). 8.70 
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(IH.s). 

Preparation 13 ^ 

5 2-Benzvl-5-(2-n-butoxV'5-iodopvridin-3-ylcarboxar7iido)-1-n-propylimida2oie-4'Carboxamid 

[0098] The title compound was obtained in 40% yield trom 5-annino-2-benzyl-l-n-propylimida20le-4-carboxamide 
(Preparation 2) and 2-n-butoxy-5-iodopyridine-3-carboxylic acid (Preparation 5), following the procedure described in 
Preparation 3. - . . 

10 ' 

5(CDCl3, 300 MHz) : 0.71 (3H, t), 0.96 (3H. t). 1.46 (4H, m), 1.90 (2H, m), 3.83 (2H, 't), 4.12 (2H, s), 4.58 (2H. t), 
5.25 (1H, s), 6.86 (1H, s), 7.23 (3H, m). 7.34 (2H, m), 8.48 (1H, s), 8.74 (1H,s), 10.26 (1H, s). 
LRMS:m/z562(M+ir. 

15 Preparation 14 

5-[2-Ethoxv-5-{4-ethylpipera2inO-vlsultonyl)pyridin-3-ylcarboxannidoV2-nnethyl-l-n-propviinnida2ole-4-carboxamide 
[0099] 

20 

(i) Benzotriazol-1-yloxytris(pyrrolidino)phosphonium hexafluorophosphate (304 mg, 0.58 mmol) was added to g 
solution of pyridine 2-ethoxy-5-(4-ethylpiperazin-1-ylsulfonyl)-3-carboxyllc acid (Preparation 12; 200 mg, 0.5& 
mmol) in N,N-dimethyltormamide (3 mL), and the mixture stirred at room temperature tor an hour. 

(ii) 5-Amino-2-methyl-l -n-propylimida20le-4-carboxamide (Preparation 1; 1 17 mg, 0.64 mmol) was dissolved in hot 
25 N,N-dimethyltormamide (8 mL), the solution cooled, sodium hydride (22 mg, 60% dispersion in mineral oil, 0.55 

mmol) added and the mixture stirred for an hour. The previously prepared solution of activated acid (from (i) above) 
was then added, followed by sodium hydride (22 mg, 60% dispersion In mineral oil, 0.55 mmol), and the reaction 
stirred at room temperature for, 3 days, and warmed to 60°C tor a further 4 days., The cooled mixture was ppur^d 
into 2% aqueous sodium bicarbonate solution (30 mL), and extracted with ethyl acetate (2x25 mL). The combined 
30 organic extracts were dried (MgS04), and evaporated under reduced priessure. The residual gum was purified by 
column chromatography on silica gel, eluting with dichloromelhane : methanol (92:8), to give the title compound (39 
mg, 13%). 

5 (CDCI3, 400 MHz) : 0.88 (3H. t), 1 .02 (3H. t), 1 .58 (3H, t). 1 .74 (2H. m), 2.40 (5H, m), 2.55 (4H, m). 3.1 0 (4H, m). 
35 3.95 (2H, t), 4.78 (2H. q). 5.20 (1 H, s), 6.77 (1 H. s), 8.68 (1 H, s), 8.80 (1 H, s), 1 0.42 (1 H, s). 

LRMS:nrT/z508(M+1)*. 

Preparation 15 

40 9-(4-Nitrophenyl)-2-(2-n-propoxyphenyhpurin-6-one 
and 

Preparation 16 

45 , 7-(4>Nitrophenyh-2-f2-n-propoxvphenvnpurin-6-one 

[0100] A mixture of 2-(2-n-propoxyphenyl)-9H-purin-6-one (prepared as described in EP 352 960; 570 mg, 2.11 
mmol), cesium carbonate (1 .37 g, 4.22 mmol) and 1 -nitro-4-fluorobenzene (270 ^iL, 1 .76 mmol) in dimethyls u If oxide (1 5 
mL) was heated under reflux for 3 hours. The cooled reaction was partitioned between water and ethyl acetate, and the 
50 resulting precipitate filtered off. The layers of the filtrate were separated, the organic phase dried (MgS04) and evapo- 
rated under reduced pressure. The resulting residue and the filtered solid were combined and purified by column chro- 
matography, eluting with a gradient of dichloromethane : methanol (100:0 to 90:10), to give the title compound of 
Preparation 15 (244 mg, 35%) as the less polar compound, 

55 5 (CDCI3, 300MHz) : 1 .20 (3H. t), 2.04 (2H, m), 4.22 (2H, t). 7.10 (1H, d). 7.20 (IN, m). 7.54 (IN, m), 7.84 (2H. d), 
8.20 (IH. s), 8.42 (2H, d), 8.74 (1H. d). 11.70 (1H. s). 
LRMS:m/z392(M+1)^ 
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followed by the title compound of Preparation 1 6 (321 mg. 46%) as the more polar compound. 

Preparation 1 7 * " 

8-Ben2vl-2-fP-ethoxvphen y|)-9-n-Drop vl purin-6-onf! " 

• iami'i , P°'^^^'"^.^'f f'^^'^ylsi'yOamide (81 mg, 0.40 m'mol), was added to a solution of 2.ben2yl-5.(2.ethoxyben- 
Z (preparation 3; 110 mg, 0.27 mrr,ol) in ethanol (lb mL) and the rea«fon 

• restelrKL ^" ' 'T' T'' "'"'"^^ -'^^ reduced press re and he 

n So to 9To^ by column Chromatography on silica gel. using an elution gradient of dichloromethane : methanol 
(100.0 to 90^10), to afford the title compound (98 mg 94%) 

15 

LRMS: m/2 389(M+1)^. 
20 Preparation ifi 

» 

8-BenzYl-g-fg^ n-butoxv > fi -i of1 opvridin-a-Vl).9.n-pmp ylpi.rin.R-nn^ 

[0102] The title compound was obtained in 87% yield from 2-benzvl>5-(2-n-butQxy-5Hodopyridin-3-vlcarboxamido). 
25 i-n.propyl,m,da2ole-4.carboxamide (Preparation 13), following the procedure described in Preparation 17 ^ 

6 (CDCI3. 300MH2) : 0.86 (3H, t), 1.00 (3H. t), 1.54 (2H, m), 1.65 (2H. m), 1.94 (2H, m) 4 00 (2H t) 4 28 12H ^) 
4.59 (2H.t). 7.28 (5Km). 8.46 (1H,s), 8.95 (1H.s),1 1.08 (1H s) ^ 4.U0 (2H. t), 4.28 (2H, s), 

LRMS- :.m/z 544 (M+1)-^.. ...... 

30 ' * . . , , 

Preparation 19 ' ' 

2-(2-n-Propoxvph'^nyl)-fl-(p yridin-3-vl)-9H-purin-6-onP . " . 

(prepared as described In J. Med. Chem. 
l\ mrIL L M H Tk^'. """^ ^' 3-Py^"^'"^«*°^aldehyde (214 mg, 2.0 mmol) and sodium metabisulfite (494 mg 
2.6 mmol^) .n N.N-dimethylacetamide ( 1 0 mL) was heated under reflux for 20 hours. The cooled mixture was diluted Z 
water (50 mL) and extracted wrth ethyl acetate (3 x 40 mL). The combined organic extracts^fe TJed h^^^^^^ 

^ rdmT h " f " 'l"'^' '''' ^""^^^^^ ""'^^^ ^^^-^^ P Tfi- crude product w^^ p iSd 

S'ssl^T ' °" ''f """^ ^"'^'^"^ "^^"^"^ ^ dichloromethane : methanol (50.5(^0 to 

0.95.5), tqgivethetrtlecompoundasasolid. 172 mg. A sample was recrystallised tram ethanol : ethyl acetate. • 

•« m.p. 282-284«'C. 
Preparation 20 

2-(5-ChlProsuphonvl-2-n-propoxvph envn-9H. piirin.R.ftno 

50 

[0104] 2-(2.n-Propoxyphenyl).9H-purin-6-one (prepared as described in EP 352 960; 1 .08 g 4 0 mmol) was added 
to an .ce-cooled solution of thionyl chloride (2 mL. 27.4 mmol). and chlorosuKonic acid (6 mL. 90 2 mmorandthe relc 
T "T'i? '° X^mer.x.re, and stirred for a further 18 hours. Ice (^5 was car^ull 

ss t^r^rr— irer;;^^^^^^ 
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LRMS : m/z369 (M+l)"*. 
Synthesis of the Compounds of Formulae lA and IB 

5 Example'1 

2-[5-(4-Ethylpiperazin>1-ylsulfonyh-2-n'propoxyphenyl]'9H-purin-6'One 

[0105] N-Ethylpiperazine (856 juL, 6.74 mmol) was added |o a solution of'2-(5-chlprosuphonyl-2-n-propoxyphenyl)- 
10 9H-purin-6-one (Preperation 20; 1 .24 g, 3.37 mmol) in ethanol (1 0 mL), and the reaction stirred at room temperature for 
18 hours. The mixture was concentrated under reduced pressure, the residue partitioned between dichloromethane 
and water, and the layers separated. The aqueous phase was extracted with dichloromethane, the combined organic 
solutions idried (IVIgS04) and evaporated under reduced pressure. The crude product was triturated with ether, the sus- 
pension filtered, and the solid dried under vacuum, to give the title compound (1.35 g, 45%). 
15 ' . • 

Anal. Found: C, 52.98; H. 6.44; N, 18.48. C2oH26N604S;0.4H20 requires C, 52.94; H, 5.95; N, 18.52% 

5 (DMSO-dg, 300MHz) : 0.95 (6H, m), 1.78 (2H, m), 2.30 (2H, q). 2.40 (4H, m), 2.89 (4H, m), 4.17 (2H, t), 7.40 (1H, 

d), 7.82 (1H, d);7.98 (1H, s), 8.14 (1H, s), 12.00 (1H. br s), 13.20 (1H, brs). 

LRMS :m/z 447 (M+1)\ 

20 

Example 2 

8-Benzyl-2-[2-ethoxy-5-(4'ethylpiperazin-1-ylsultonyhphenvl]-9-n-propylpurin-6-one 

25 (i) 8-Ben2yl-2-[5-chlorosulfonyl-2-ethoxyphenyl]-9-n-propylpurin'6-one 

[0106] Chlorosulfonic acid (55 pL, 0.82 mmol) was added dropwise to a cooled solution 'of 8-benzyl-2-(2-ethoxy- 
phenyj)-9.-n:propylpurin-6-pne (Preparation I7;.l60mg, 0.41 mmol) in dichl9r6methane (5 mL), and the reaction stirrejd 
• , at ro.om temperature for 18 hours. The mixture was poured onto ice, ^ the phases separated, and the aqueous layer 
■ 30 extracted with dichloromethane. The combined organic solutions were evaporated under reduced pressure to atfor.d the 
syb-title compound .{74 mg). 

' '\ ■ ■ . 

(11) 8-Benzyl-2-[2-ethoxy-5-f4-ethylpipera2ln-1-ylsulfonyl)phenyl]-9-n-propylpurin-6-one ' 

35 [0107] N-Ethylpiperazine (73 \xL, 0.58 mmol) was added to a solution of 8-benzyl-2-[5-chlorosulfonyl-2-ethoxyphe- 
nyl]-9-n-propylpurin-6-one (from (i) above; 70 mg, 0.14 mmol) in ethanol (5 mL), and the reaction was stirred at room 
temperature for 18 hours. The reaction mixture was concentrated under reduced pressure, the residue partitioned 
between dichloromethane and sodium bicarbonate solution and the phases separated. The organic layer was dried 
(MgS04), and evaporated under reduced pressure. The crude product was purified by column chromatography on silica 

40 gel, using an elution gradient of dichloromethane : methanol (100:0 to 95:5), to give the title compound (40 mg, 17%). 

5 (CDCI3, 4d0MHz) : 0.84 (3H, t), 1.00 (3H, t), 1.61 (5H. m), 2.38 (2H, q),' 2.50 {4H, m), 3.06 (4H, m), 4.00 (2H. t), 
4.28 (2Hs), 4.40 (2H, q), 7.17 (1H, s). 7.26 (5H, m), 7.83 (1H. d), 8.80 (1H, s), 11.01 (1H, brs). 
LRMS :m/2 565 (M+1)*. 

45 

Example 3 

2-[5-(4>Ethytpiperazin-1-ylsulfonyl)-2-n-propoxyphenyl]-9-(4-nitrophenyl)purin-6-one 

50 (i) 2>[5-Chlorosulfonvl-2-n-propoxvphenvlV9-(4-nitroDhenvnDurin-6-one 

[0108] 9-(4-Nitrophenyl)-2-(2-n-propoxyphenyl)purin-6-one (Preparation 15; 320 mg, 0.81 mmol) was dissolved in 
chlorosulfonic acid (1 0 mL), and the solution stirred at room temperature for 1 8 hours. The mixture was poured carefully 
onto ice/water, and the resulting precipitate filtered, and dried to give the sub-title compound (300 mg). 

55 

(ii) 2-[5-(4-Ethylpiperazin-1-ylsulfonyl)'2-n-propoxyphenyl]-9-(4-nitrophenyl)purin-6-one 

[0109] A mixture of 2-[5-chlorosulfonyl-2-n-propoxyphenyl]-9-(4-nitrophenyl)-purin-6-one (from (i) above; 300 mg, 
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EL=."=-"— ^^^^ 



^0 Example 4 



25 



SM7>iBlnmfn>iv?[5-i4.flh,ininr».7in-i.vh.i..n.it^.„. p, ^^ 

Example 5 

(i) 2-[5-Chl(?rosuHnnvl-?-n-pf opoxvn h en vn-8.fnvririin--:».yl) . QH.Durin.fi.nn^ 

sulfonyl chloride. ' ' ' ^ """""'^ evaporated under reduced pressure to give the crude 

(«) 2-|H<-IW|hVlpipOT2ln-l.,B||«onvlV2.n.n,n,,n,y ph.„ Vi l.a.,n.rtrti„.a^^^^^ ^ 

Example 6 

^ 2-f2-Ethoxv-5-(4-ethvlpipera7inO-vKi,|fonvnDvridin..-^.V l ]. q .rnethvl.fl.n-p r»^^^^^ 
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5 (CDCI3, 300MH2) : 0.94-1.05 (6H, m), 1.59 (3H, t), 1.85 (2H, m), 2.41 (2H. q), 2.58 (7H, m), 3.'l5 {4H, m). 4.17 
(2H. t). 4.79 (2H, q), 8.64 (1 H, s). 9.04 (1H, s). 1 1.00 (1H, s). 
LRMS:m/2 490(M+1)*. 

5 Example 7 

8'Ben2yl'2>[2-n-butoxv-5-f4-ethylpipera2inO-vlsulfonvhDvridin-3-yl]-9-n-propylpurin-6-on 

(i) 8-Ben2yl-2-[2-n-butoxy-5-suifanvlpyridin-3-vl)-9-n-propylpurin-6-one 

10 

[0114] A mixture of freshly dried thiourea (78 mg, 1..03 mmol) and 8-benzyl-2-(2-n-butoxy-5-iodopyridin-3-yl)-9-n- 
propylpurin-6-one (Preparation 18; 370 mg, 0.66 mmol) in dry N,N-dimethyltormamide (2.75 mL) was warmed to eo^'C 
before bis(triethylphosphine)nickel(ll) chloride (25 mg, 0.068 mmol) and sodium cyanoborohydride (6.3 mg, 0.1 mmol) 
were added, and the reaction stirred for 30 minutes. Additional nickel catalyst (175 mg, 0.47 mmol) and sodium 
15 cyanoborohydride (44.1 mg, 0.7 mmol) were added and the reaction continued tor an hour, then removed from the heat. 
Calcium oxide (55 mg, 0.98 mmol) was added, the reaction stirred for an hour at room temperature and then quenched 
using 1 N hydrochloric acid. The reaction mixture was partitioned between ethyl acetate and water, and the phases sep- 
arated. The organic layer was washed with brine and 1 N hydrochloric acid, dried (MgS04) and evaporated under 
reduced pressure. 

20 

(ii) 8-Benzyl-2-[2-n-butoxv-5-chlorosulfonvlpvridin-3-yl]'9-n'Propvlpurin'6'One 

[0115] Potassium nitrate (172 mg, 1.7 mmol) was added to a solution of 8-benzyl-2-[2-n-butoxy-5-sulfanylpyridin-3- 
yl]-9-n-propylpurin-6-one„(from (i) above) in acetonitrile (5 mL), and the solution cooled In an Ice-bath. Thionyl chie- 
fs ride (140 [il, 1.92 mmol) was added dropwise, and the reaction stirred at room temperature tor 3 hours. The mixture 
was concentrated under reduced pressure, and the residue partitioned between sodium bicarbonate solution and 
dichloromethane. The layers were separated, and the aqueous layer was extracted with dichloromethane. The com- 
bined organic solutions were then washed with brine, dried (MgS04) and eyapp rated. under reduced. pressure. , 

30 (iii) 8-Benzvl-2"[2-n-butoxv-5-(4'ethyfpiperazin-1-ylsutfonyl)pyridin-3-vl]-9-n-p'ropylpurin-6-one 

[0116] 8-Ben2yl-2-[2-n-butoxy-5-chiorosulfonylpyridin-3-yl]-9-nrpropylpurin-6-one (the solid resulting from part (ii) 
above) was dissolved in dichloromethane (5 mL), N-ethyldiisop'ropylamine (600 pL, 3.47 mmol) and N-ethylpipera2ine 
(430 \iL, 3.38 mmol) were added, and the reaction stirred at room temperature for 18 hours. The mixture was concen- 
35 trated under reduced pressure, and the residue purified by column chronriatography on silica gel. using an elution gra- 
dient of dichloromethane : methanol (100:0 to 95:5), to afford the title compound (40 mg, 10%). 

8 (CDCI3, 300MHz) : 0.83 (3H. t), 1.00 (6H, m), 1.46-1.70 {4H, m), 1.96 {2H, m). 2.40 (2H, q), 2.54 (4H, m), 3.09 
(4H, m), 4.00 (2H, t), 4.28 (2H, s), 4.68 (2H, t). 7.26 (5H, m), 8,62 (1H. s), 8.99 (1H, s), 10.98 (1H, s). 
40 LRMS : m/z594(M+l)*. 

Example 8 

2-f2-n-Propoxy-5-[4-{pyridin-2-yl}piperazin-1-ylsulfonyl]phenyl)-9H-purin-6-one 

45 . 

(i) 2-(g-ChlQrosgifQny|-g-n-propQxyphenyi)-9H-PMrin-6'Qne 

[0117] 2-(2-n-Propoxyphenyl)-9H-purin-6-one (prepared as described in EP 352 960; 1.0 g, 3.69 mmol) was dis- 
solved in ice-cold chlorosulfonic acid (5 mL), and the solution stirred at room temperature for 2 hours. The reaction was 
50 cautiously poured onto ice, the resulting precipitate filtered off, washed with ethyl acetate and ether, and dried under 
vacuum, to give a solid, 1 .0 g. 

(ii) 2-(2-n-Propoxv-5-[4-{pyridin-2-yl)piperazin-1-ylsulfonyl]phenyh-9H-purin-6-one 

55 [0118] 2-(5-Chlorosulfonyl-2-n-propoxyphenyl)-9H-purin-6-one (from (i) above; 250 mg) was added to an ice-cold 
solution of l-(2-pyridyl)pipera2ine (294 mg, 1.8 mmol) in ethyl acetate (30 mL), and the reaction then allowed to warm 
to room temperature, and stirred for a further 6 hours. The reaction mixture was concentrated under reduced pressure, 
and the residue triturated with a methanol/water mixture (50:50). The resulting solid was filtered, washed with water and 
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ethen^and .hen rec,.s.a..ised from me.hano, to a«ord the t.le compound as co.our.ess c,ysta.s. 207 mg. ..p. ,86.5- 
ExamD.e fl 

furan (8 mL):and the m xture stirred at roZlmnJL. '^''^'^P'^ 8: 230 mg, 0.45 mmol) in tetrahydro- 

- ML, 0.54 mmo.) was added and e -^^^^^^ Ifj' l^^'T ''""^'"^ ' ' ''"'^'"''''^ 

60»C. The cooled mixture was Dourermo 1?^!. . ' '"""^ temperature, followed by a further 12 hours at 
evaporated under reduced p ssu a^d^'^^^^^^ ''''T''' ^^^^^ -9-^^= ext.cts were 

dichloromethane : methano' ,97:3). to a«ord t:e title Smp^^^^^^^^ °" ^"'^^ 9^'' ^'-'"^ with 

LRMS :m/2 538(M+1)^ 
Example 10 

2-f5-(4.Ethvlpipera?in-Vv.s»tfonvlV?-n-oror,o..nh.n, w p .n,„,„n„,„.,Hn.^..p. 

- ■ stirred at roomLper.tur/for 4 ou^f e^^ Til '^■''-'''^''^^"orn.^^'^e (5 mL), and the mixture ' 

. the reabtion stirre^at 5»C for 3 luTa thenTa urt eM 8 ho^^ ""^'^ 

concentrated under reduced pressure the residue suIoeJdldt w« I ^mperature. The reaction /nixtu re was 
35 combined organic extracts were drie J/Mn«5n f ^ ^'^'^^'^'^ dichloromethane (x 2). The 

tied by colum'n chrr^ Ti^Xr::^:^:^^ ^^^'^ pro..ctJ,.n. 

anda.eotropedw«hdich,oromethane.toa'«ordthe^^,rcr:;^^^^^^^^^^ 

LRMS:m/2 489{M+.1)+. v . i.i^uas;. 

Example 1 1 

g-f^-f^-Ethylpipera7in.1.yteutfonY.VP-n-proooxvr,hPr,vii-7-M.n „ ronhPn»iv „rin.«.... 
Example IP 

55 

7-(4.Aniinophenv.).?.fs.f4.Pth,flnir)rm^in.i.»..„.»ny .vo,.r,,^»,,„,,„^,,^^,,„.,.,^^ 

10122] iron powder (137 mg. 2.45 mmol) was added to a solution of 2-l5.(4.ethy.pipe,azin-1-y,su«ony.)-2-n-p,opox- 
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yphenyl]-7-(4-nitrophenyl)purin-6-one (Example 1 1; 110 mg, 0.19 mmol) in acetic acid (2.2 mL) and water (100 and 
the reaction stirred vigorously at room temperature tor 3 hours. The mixture was filtered through Celite®, washing well 
with ethyl acetate, and the filtrate concentrated under reduced pressure. The residue was partitioned between efhyl 
• acetate and sodium bicarbonate solution, the layers separated, and the organic phase dried (MgS04) and evaporated 
5 under reduced pressure to give the title compound (80 mg, 79%). " 

6 (CDCI3, 300MHz) : 1.06-1.24 (6H, m), 2.03 (2H, m), 2.50-2.80 (6H, m), 3.21 (4H, m), 3.90 (2H, s). 4.26 (2H, t), 
6.78 (2H,.d), 7.18 (1H, d). 7.35 (2H. d), 7.86 (1H, d), 8.03 .(1H, s), 9.05 (1H. s). 11.2.1 (1H, s). 
•LRMS:m/2'538(M+1)-". • , 

■TO I . ■'■*'. 

Biological Activity • 1 

[0123] I Compounds of the invention were found to have in vitro activities as inhibitors of cGMP PDE6 with IC50 val- 
ues of less than about 100 nM. 
15 [01 24] The following Table illustrates the in vitro activities for a range of compounds of the invention as inhibitors of 

cGMP PDE5. 



Example number 


Concentration (nM) 


Percentage inhibition of 
PDE 5 


1 


100 


47 


4 


•10 


74.1 


5 


100 


48 


7 


10 


80.3 ' 


■ 9 


• 10 ■ 


100- 



I I 



• • 30 

A|3breviations. 



[0125] The following abbreviations may be used herein: 

35 Ac = acetyl 

aq. = aqueous 

br = broad (in relation to NMR) 

d = doublet (in relation to NMR) 

DCM = dichloromethane 

40 dd = doublet of doublets (in relation to NMR) 

DMF = N.N-dimefhylformamide 

DMSO = dimethylsutfoxide 

Et = ethyl 

EtOAc = ethyl acetate 

45 h = hour(s) 

HPLC = high performance liquid chromatography 

IMS = Industrial methylated spirits 

I PA = iso-propyl alcohol (propan-2-ol) 

LRMS = low resolution mass spectrometry 

50 m ~ multiplet (in relation to NMR) 

Me = methyl 

MeCN = acetonitrile 

MeOH = methanol 

min. = minute(s) 

55 m,p. = melting point 

MS = mass spectroscopy 

OAc = acetate 

q = quartet (in relation to NMR) 
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rt 

s 
t 

THF 
Claims 



= room temperature 
= singlet (in relation to NMR) 
= triplet (in relation to NMR) 
= tetrahydrofuran 



1 . A compound of formula lA, or of formula 



10 



75 



20 



IB. 





o=s=o 



25 



Wherein 



30 



35 



40 



45 



50 



55 



X represents CH or N; 

represents H. -CN. -C(0)N(R4)R^ .C(0)R^ -C(0)0R^ -NfR^^R^ -QR^ M.t? . , 
alkyl group is optionally interrupted by one o more of O -S or rJrR^^ k . f 

R represents R^. -S(0),r8 S(OfeN(R<)R^ .C(0)R^; -CtO)OR« or :CiO)N(n<)H^- ' ' 

R' represents R"* or -C(0)R'*- v ; ^in ;n , ^ 

£' S ^"t ^8 ""^ occurrence, independently represent H- 

R.R andR may also, at each occurrence, independently represent arvl- 

is 
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♦ 

C(0)RQ^, -C(0)0R^^. - C(0)N(RQ^)R^^ -S(0)^R^o^ -S(0);pN(R^^)R^9, .oC(0)RQ^^ and -N(R^^)RQ'; 
Het\ Het^, Het^, Hef and Het^ are each optionally substituted with one or more substituents selected from 
lower alkyi (which alkyi group may itself be optionally substituted and/or terminated by one or more substitu- 
ents selected from lower alkyi, aryl Het^, halo, -CN, -NO?, -OR^^^-C(0)R^^ - C(0)OR®^ -C(0)N(RQ^)RQ®. - 
S(0)nR^°«. -S(0)2N(R9')R^9, -0C(0)R^^ or - N(R^^)R^'), aryl, Het^, halo, -CN. -NOg. -OR®^, -C(0)R®^ - 
C(0)OR^^ • C(0)N(R9^) p9e .s(O)^R^0a^ .S(0)2N(RQ*) R^9, -0C(0)R®^ arid -N(R^^)R®'; and 
n represents, at each occurrence, 0, 1 or 2; 

or a pharmaceutically, or a vetehnarily, acceptable derivative thereof; 
provided that when the compound is a compound of fprmula IB In wtiich: 
X represents CH; . ■ ' * 

R^ represents H; ' ' '» 

R^ represents C^e alkyi; and ' 

frlet"* represents a 5- or 6-membered saturated heterocyclic ring, which ring is optionally substituted (via a tree 
ring N-atom) by C^.g alkyi (which latter group is optionally substituted by -OH); 
then R^ does not represent: 

(a) C3.11 alkyi, which C3.11 alkyi group is substituted by one of the following: 

(i) in the C-1 position (relative to the purinone N-atom), by -C(0)R®'' (wherein R^^ represents H or C^ 

4 alkyi) or Ci^n alkyi; 

(ii) in the C-2 position (relative to the purinone N-atom) by one group selected from -OR^^ (wherein 
R^^ represents H, Ci.e alkyi or benzyl), -OC(0)R®*' (wherein R®^ represents H, C^g alkyi or phenyl) 

• and -N(R")R®' (wherein R^' represents H or C^.g alkyi and R^"* represents H, C^g alkyi, -C(0)R^j (in 
which R®j represents H, C^g alkyi or phenyl) or -S(0)2R^^^ (in which R^°^ represents C1.4 alkyi or 
phenyl))'and (optionally), at the same C-2 position, by a further C1.4 alkyi group; 

and which C3.11 alkyi group is optionally substituted: ' 

(I) in the C-2 to C-1 1 positions (relative to the purinone N-atom), by phenyl (optionally substituted by 
halo, -CN, -NO2, C1.6 atkyi or -S{0)2N(R^)R®9, in w^iich latter group R^^ and R^ independently rep- 
resent.H, phenyl or lower alkyi); ar^d/or * . . . 

\ (II) in the C-1 position (relative to the purinone N-atom), by.Cv3 alkyi; . 

(b) C3.9 alkyi substituted in the C-2 to C-9 positions (relative to the purinone N-atom) by -N(R^^)R®' 
(wherein R^^ and R^' each independently represent H or C1.5 alkyi optionally substituted by phenyl, which 
latter group is substituted by -S(0)2N(R^)R^9 (in which R^ and R^9 independently represent H, phenyl or 
lower alkyi)) and optionally substituted in the C-1 position (relative to the purinone N-atom) by: 

(j) C1.5 alkyi (which alkyl group is optionally substituted by -OH); and/or 
(ii) C1.3 alkyl; or 

(c) C1.4 alkyl or Cio-ie "-alkyl; 

wherein, in the above proviso, unless othenwise indicated, alkyl, phenyl and benzyl groups are unsubstituted. 

A compound as defined in Claim 1 (but without the proviso), provided that, in the case of a compound ot formula 
IB, at least one of the following applies: 

(1) R^ represents -CN, -C(0)N(R'*)R^, -C(0)R'*, -C(0)OR'^. -N(R'*)R^ -OR^, aryl, Het^ or lower alkyl (which 
alkyl group is optionally interrupted by one or more of -0-, -S- or -N(R'*)- and/or substituted and/or terminated 
by one or more substituents selected from halo, -CN, -NO2, lower alkyl, -C(0)N(R^)R^, -C(0)R^, -C(0)OR^ - 
N(R^)R^, -OR^, -S(0)nR^ or -S(0)nN(R^)R^ aryl and Het^); 

(2) R^ represents H, aryl, Het^. C1.2 alkyl (which latter group is substituted by one or more substituents 
selected from aryl, -OR®®. -C(0)R®^ -OC(0)R®^ and -N(R^^)R®') or lower alkyl, which latter group is substi- 
tuted and/or tenninated by: 

(i) one or more substituents selected from halo, -CN, -NO2. Het^ -OR®*, -C(0)R®^ (wherein R^^ and R^*' 
represent aryl or lower alkyl (which alkyl group is substituted by one or more halo atoms)) -C(0)OR®^. - 
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OC(0)R9'^ and N^^^ ""^'^ substrtuems selected from aryl and halo)), -C(0)rS'>, 

. fnltTeSrnTa;^^^^^^^ 

S(0),N(R«')RS9, -Oc7o)R«'^and N(R ')R«^^ ^' ' ' ' -C(0)N(RS«')RSe, -S,O),Rl0a. . 

(4) Het' represents: 

(I) a 4- or 7- to l2-membered optionally substituted heterocyclic group as defined in Claim v 

(5) X represents N, 

atSl^edifaJirr^' " ■ " - ^^-^^ Het^, He.^ and Het^ are 

3. A compound as defined in Claim 1 (but w.hou, the proviso), provided that at least one of the following applies: 
(1) R' represents -CN, -C(0)N(R'')R5 -C/OR" -CfOlOR" NlfRt'^Re no? , ■_■ 2 
alkyl group is optionally interrupted by one o moreTo s or ^^0^;°! k . " 

(i) one or more substltuentssfelected from halo, -CN. -NO, Het^ -0R9« rrmR9b,.„u .^oa ' ok 

H represents aryl or - 

grC°"oprn: y fu?^^^^^ 

0C{0)r9'' and -N(Rii)Rr °' substituents selected from aryl and halo)). .C(0)R9^ 

fntslTeSTr™^^ 

S(0),N(R«')R«. -Oc7o)R«'5and N(RiiiR«T'' * ^ ' -^W^"^, - 

(4) Het^ represents: 

«t °' «" '° °P^'°"«"y substituted heterocyclic group as defined in Claim 1- 

(5) X represents N, 

^'S;Srai'r ^"'""^^^^^ " • " ■ f^". Het^. Het-and Het^are 

y ) . N(H )R . OR , aryl, Het^ or C,.s alkyi (which alkyi group is optionally substituted or terr^i- 
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nated by one or more sUbstituents selected from halo, -CN, -NOj, lower alkyi, -C(0)N(R'^)R^, -C(b)R'', -C(0)OR'', 
-NiR^'jR^. -OR^, - S(0)nR^, -S(0)nN(R^)R^, aryl and Het^). 

m 

5. A compound as claimed in ariy one of the preceding claims, wherein R^ represents R^, -S(0)2R^ or -C(0)R'*. 

5 

6. A compound as claimed in any one of the preceding claims, wherein R^ represents R^. 

7. A compound as claimed in any one of the preceding claims, wherein R^. R"*, R^ and R® independently represent 
lower alkyI, which alkyI group is optionally substituted and/or terminated by one or more substituents selected from 

10 aryl, Het^, halo, -CN, -NO2, -OR^^, -N(R^^)R^': R^. R'' and R^ independently represent H; and/or R'^, R^ and R® 
independently represent aryl. 

8. A compound as claimed in any one of the preceding claims, wherein R^' represents H, aryl, Het^ or lower alkyl. 
which latter group is optionally substituted and/or terminated by one or more substituents selected from halo, -CN, 

15 -NO2. aryl, Het^ -ORQ^ -C(0)R^^, -C(0)OR^^ -C(0)N(R^^)R^^ -S(O)nR^0^ -S(0)2N(R-<)R99 or -N(R^^)R-V 

9. A compound as claimed in any one of the preceding claims, wherein n represents 0 or 2. 

10. A compound as claimed in any one of the preceding claims, wherein R""^' represents H, C^.q alkyl or -C(0)R^'. 

20 

11. A compound as claimed in any one of the preceding claims, wherein ,R^^ to R^j independently represent H or C^.g 
alkyl. 

12. A compound as claimed in any one of the preceding claims, wherein R^^^ represents Ci.e a'^yl. 

25 

13. A compound as claimed in any one of the preceding claims, wherein Het^ represents a four- to seven-membered 
heterocyclic group, which group contains at least one nitrogen atom {via which atom the Het^ group is attached to 
the rest of the molecule) and,. optionally, one or more further heteroatoms s.elected from nitrogen and oxygep, an,d 
which group is optionally substituted as defined in Claim 1 . 

30 

14. A compound as claimed in any one of the preceding claims, wherein Het^ to Het^ independently represent four- to • 
ten-membered heterocyclic groups, which groups contain between one and tour heteroatoms selected from nitro- • 
gen, oxygen and/or sulfur, and which groups are optionally "substituted as defined in Claim 1, 

35 15. A compound as defined in any one of Claims 1 to 14 for use as a pharmaceutical. 

16. A compound as defined in any one of Claims 1 to 14 for use as an animal medicament. 

17. A formulation comprising a compound as defined in any one of Claims 1 to 14 in admixture with a pharmaceutically 
40 or veterinarily acceptable adjuvant, diluent or carrier. 

18. A formulation as claimed in Claim 17, which is a pharmaceutical formulation. 

19. A formulation as claimed in Claim 17. which is a veterinary formulation. 

45 . 

20. The use of a compound as defined any one of Claims 1 to 1 4 for the manufacture of a medicament for the curative 
or prophylactic treatment of a medical condition for which inhibition of cGMP PDE5 is desired. 

21. A method of treating or preventing a medical condition for which inhibition of cGMP PDE5 is desired, which com- 
50 prises administering a therapeutically effective amount of a compound as defined in any one of Claims 1 to 14 to a 

. patient in need of such treatment. 

22. Use as claimed in Claim 20, or method as claimed in Claim 21, wherein the condition is male erectile dysfunction 
(MED), impotence, female sexual dysfunction (FSD), clitoral dysfunction, female hypoactive sexual desire disorder, 

55 female sexual arousal disorder, female sexual pain disorder or female sexual orgasmic dysfunction (FSOD). 

23. A process for the preparation of a compound of formula I A, or of formula IB. as defined in Claim 1 . which comprises: 
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(a) cyclisation of a corresponding compound of formula IIA. or of formula MB. respectively, 



R3 



/ 1 



R2 





wherein R\ R^, r3 Het^ and X are as defined in Claim i : 

(b) reaction of a corresponding compound of formula VA, or of formula VB. respectively, 





Wherein is a leaving group and R'. R^. r3 and X are as defined in Claim 1 . W.h a compound of fom,u.a Vl. 

He.i-H 

to t^S-atom" " "^'^'^ ' ' '''' "^-9en atom of the heterocyCe . attached 



XXI 



xxil 

(e) conversion, removal or introduction of a substituent on an aryl, or a Het (Hell Het^ HefS Hpt^ 

m. or on the phenyl/pyridyl. or purinone. unit of. a compound of formula lA or B;' ' ^ 
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(f) conversion of one R'^ group to another by alkoxide exchange; 

(g) tor compounds of formula I A or IB in which Het^ represents a 4-R''^-plpera2inyl group in which R^^ repre- 
sents lower alkyi, alkylation of a corresponding compound of formula lA or IB in which R^^ represents H; of 

(h) deprotection of a protected derivative of a compound of formula,^IA or of formula IB. 

5 

24. A compound of formula IIA, or formula HE, as defined in Claim 23. i 

25. A compound of formula VA. or formula VB, as defined in Claim 23. 

no 26. Use as claimed in Claim 20, or method as claimed in Claim 21 , wherein the condition is male erectile dysfunction 
(MED). ' • ' 
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